Discrete colour morphs coexisting within a single population are common in nature. In a broad range of organisms, sympatric colour morphs often display major differences in other traits, including morphology, physiology or behaviour. Despite the repeated occurrence of this phenomenon, our understanding of the genetics that underlie multi-trait differences and the factors that promote the long-term maintenance of phenotypic variability within a freely interbreeding population are incomplete. Here, we investigated the genetic basis of red and black head colour in the Gouldian finch (Erythrura gouldiae), a classic polymorphic system in which naturally occurring colour morphs also display differences in aggressivity and reproductive success. We show that the candidate locus is a small (approx. 70 kb) noncoding region mapping to the Z chromosome near the Follistatin (FST) gene. Unlike recent findings in other systems where phenotypic morphs are explained by large inversions containing hundreds of genes (so-called supergenes), we did not identify any structural rearrangements between the two haplotypes using linked-read sequencing technology. Nucleotide divergence between the red and black alleles was high when compared to the remainder of the Z chromosome, consistent with their maintenance as balanced polymorphisms over several million years. Our results illustrate how pleiotropic phenotypes can arise from simple genetic variation, probably regulatory in nature.
Introduction
Colour polymorphic species, where two or more genetically determined colour morphs occur within a single population, represent an ideal model system for investigating the processes that maintain genetic variation and drive speciation [1] [2] [3] [4] . Often colour polymorphisms are linked to behavioural and physiological traits and have evolved and persist through sexual and natural selection acting on these traits in concert [1] . At the genomic level, such phenotypic correlations can arise through large-scale structural variation that brings coloration genes into linkage disequilibrium with genes mediating behaviour and physiology. For example, the white-throated sparrow (Zonotrichia albicollis) has two distinct colour morphs, white and tan, that use divergent reproductive strategies [5] . Underlying this polymorphism is a supergene, a greater than 100 Mb genomic inversion, that contains a suite of neuroendocrine and coloration genes linked via very low levels of recombination [6] . Similarly, the colour polymorphic and & 2018 The Author(s) Published by the Royal Society. All rights reserved.
alternative-mating morphs of the lek-mating ruff (Philomachus pugnax) are controlled by a large genomic inversion [7, 8] . Such large-scale variation in genomic architecture is not the only mechanism that can generate correlated phenotypes [1] . Simple genetic variation and differential gene expression within gene regulatory and endocrine pathways can also produce pleiotropic phenotypes. Such systems offer important opportunities for understanding the regulatory mechanisms that generate diversity in coloration, physiology and behaviour.
The Gouldian finch (Erythrura gouldiae) is a classic polymorphic system with an apparently simple genetic basis. The Gouldian finch is endemic to Australia and throughout its range two common colour morphs, black and red head colour, coexist at a ratio of approximately 7 : 3 (figure 1a,b) [9] . A third orange morph occurs at very low frequency (less than 0.1%). These head-colour morphs also have distinct physiological and behavioural phenotypes. Red morphs tend to be aggressive and dominant over black morph individuals in agonistic Inset within each image is a 12 mm cross-section through a single barb (approximate location in feather indicated by the dashed red line) imaged at 400Â magnification. (e,f ) Scanning electron micrographs of individual head feathers of the black (e) and red ( f ) morphs imaged at 23Â magnification. Inset within each image is a 200Â magnification detail of a region comparable to that indicated with the dashed red box. (g) Representative high performance liquid chromatography chromatograms of carotenoid extracts from head feathers of the black (black trace) and red (red trace) morphs. Carotenoids were not detected in the black morph. In the red morph, we observed high concentrations of what we have putatively identified as 1 and 2-papilioerythrinone isomers, 3-astaxanthin and 4-adonirubin. Full spectra of these individual peaks are presented in the electronic supplementary material, figure S1.
rspb.royalsocietypublishing.org Proc. R. Soc. B 285: 20181788 encounters and have a heightened physiological response to social stress [10] [11] [12] . Red morphs substantially increase circulating sex steroid (testosterone) and stress hormone (corticosterone) levels in competitive social environments, while black morphs show no such response [11] . Within captive populations, Gouldian finches mate assortatively by head-colour morph, and some studies suggest the existence of incompatibilities between morphs that result in increased mortality of female offspring [13] [14] [15] [16] . However, a recent study did not detect evidence of genetic incompatibilities in wild populations of the Gouldian finch [17] . The suite of morphological, behavioural and physiological traits associated with head-colour morph are determined by a sex-linked Mendelian locus where red (Z R ) is the dominant allele and black (Z r ) is recessive [18] . The orange head-colour morph is determined by an autosomal locus. Orange individuals are thus identical to red individuals at the Red locus, but express a different complement of carotenoids in their masks [19] . Recently, the Red locus was mapped to an approximately 7.2 cM interval on the Z chromosome using microsatellite markers [20] . However, the resolution of this mapping did not allow for the identification of the gene(s) and causal variants underlying this polymorphism.
To identify the causative locus that controls red and black head colour in the Gouldian finch, we generated a reference genome sequence for this species, resequenced the genomes of black and red morph individuals, and used a range of analytical tools to search for genotype-to-phenotype associations across the genome. We identified a single locus on the Z chromosome in a small non-coding region upstream of Follistatin (FST) that was perfectly associated with head-colour morph. FST is a secreted glycoprotein that is widely expressed in the body, including in skin and gonads [21] . We hypothesize that the head-colour polymorphism and the suite of associated physiological and behavioural traits are the product of regulatory variation that modulates the timing and levels of FST expression in key tissues controlling coloration and behaviour.
Material and methods
Full methods and materials are detailed in the electronic supplementary material, methods.
(a) Light and electron microscopy
We used a combination of light and electron microscopy to characterize head feather morphology. We collected full colour macroscopic images through a Leica MZ7 dissecting microscope (Leica Microsystems, Inc., Buffalo Grove, IL, USA). We also collected images of the feathers with a Zeiss Merlin field emission scanning electron microscope and a JEOL JEM-1400 transmission electron microscope at the Washington University Center for Cellular Imaging.
(b) Carotenoid analysis
We collected 10 mature feathers from the heads of red and black males and extracted carotenoids with acidified pyridine and hexane following the methods of McGraw et al. [22] . The carotenoid content was analysed by high performance liquid chromatography.
(c) De novo genome assembly and annotation A de novo genome assembly of the Gouldian finch (E. gouldiae) was generated using Chromium linked-read data (10Â Genomics, San Francisco, USA). A single Chromium library was sequenced on an Illumina HiSeqX Ten using 2 Â 150 bp paired-end reads and a reference genome was assembled with SUPERNOVA (v. 2.0) [23] . The reference genome was annotated using MAKER2 [24] by combining in silico gene prediction tools, protein evidence from curated databases and newly generated RNA-sequencing (RNAseq) data from regenerating mask skin. A quantitative assessment of assembly and annotation completeness was performed using BUSCO (v. 3) [25] , as well as whole-genome alignments between Gouldian finch and zebra finch using LAST [26] .
(d) Whole-genome resequencing Black (n ¼ 21) and red-headed (n ¼ 21) captive birds were obtained from 13 private aviaries in Portugal (electronic supplementary material, table S1). Individual paired-end libraries were prepared following a modified version [27] of Illumina's Nextera XT protocol (Illumina, San Diego, IL, USA). The libraries were sequenced using 2 Â 125 bp paired-end reads on an Illumina Hiseq 1500 (electronic supplementary material, table S1).
(e) Population genetics and association analyses Population structure was investigated with principal component analysis (PCA). To detect genomic regions associated with headcolour polymorphism, we performed a genome-wide association analysis using individual variants, and estimated genetic differentiation in sliding windows across the genome using the fixation index (F ST ) and the average number of pairwise differences per site (d XY ). Both F ST and d XY analyses were performed on a subset of the individuals (13 black and 12 red; see the electronic supplementary material, methods). To take into account uncertainty in genotype calls owing to low sequencing depth, these analyses were carried out using genotype probability methods as implemented in ANGSD [28] .
(f ) Single nucleotide polymorphism genotyping
For confirmation of the association, we genotyped a set of seven closely located single nucleotide polymorphisms (SNPs) found to be significantly associated with the red and black alleles using the whole-genome resequencing data (primers given in the electronic supplementary material, table S2). The read data for these SNPs also supported the expected inheritance: red individuals carried one variant allele or both, while the black individuals carried the alternative allele.
(g) Haplotype analyses
We estimated the relative node depth (RND) statistic [29] by dividing nucleotide divergence between the two haplotypes derived from the Gouldian finch diploid assembly by nucleotide divergence between Gouldian finch and zebra finch. This statistic was calculated using the Perl script calculate-dxy.pl [30] from alignments obtained using progressiveMAUVE [31] .
(h) Structural rearrangements
To search for structural rearrangements between the red and black alleles, we used both the linked-read and whole-genome resequencing data. We started by inspecting the alignment between the red and black haplotypes from the diploid assembly by means of a dot plot. We also searched for structural rearrangements in the candidate region by visualizing the data in IGV (Integrative Genomics Viewer) [32] and by using structural rearrangement detection software that take advantage of multiple aspects of the read data: long ranger toolbox from 10Â Genomics, BREAKDANCER [33] , DELLY [34] and LUMPY [35] .
(i) RNA-sequencing
We generated RNA-seq data from regenerating skin samples of three black and five non-black males (three orange and two red; rspb.royalsocietypublishing.org Proc. R. Soc. B 285: 20181788 electronic supplementary material, table S3). Orange individuals are identical to red individuals at the Red locus and also express carotenoids in their masks [19] . Feather regeneration was induced by plucking feather patches from the mask region, and new feathers were allowed to regrow for 10 days prior to skin excision. Libraries were sequenced on an Illumina HiSeq 1500 with 2 Â 125 bp paired-ends reads. Expression analysis was conducted using edgeR 3.4.2 [36, 37] .
( j) Transcript isoform characterization
We searched for transcript isoforms of the candidate genes by mapping RNA-seq reads to the EryGou1.0 genome and quantitating exon-exon spanning reads with sashimi_plot [38] . We confirmed the presence of alternative transcripts by Sanger sequencing of cDNA derived from regenerating skin of red and black morphs.
(k) Quantitative polymerase chain reaction
To examine the expression of FST and MOCS2 during feather regeneration, we sampled the regenerating skin from the masks of three red and three black males. We plucked small patches of feathers from the mask region of these birds 2 and 4 days prior to skin excision. Testis were harvested from four red and four black 1-year-old adult males purchased from different breeders and then housed together in a single cage for 8 days to induce social competition in the group [11] . We designed primers to target the coding sequences of each isoform of FST, both isoforms of MOCS2, and GAPDH (electronic supplementary material, table S2).
Results and discussion (a) Feathers of black and red morphs have distinct pigmentation and morphology
Consistent with an earlier report [39] , we found that the head feathers of black morph Gouldian finches are pigmented with melanin, devoid of carotenoids, and have relatively thin barbs with numerous barbules along the entire length of the feather (figure 1c,e,g; electronic supplementary material, figure S1 ). By contrast, the feathers of the red morph are pigmented with the ketocarotenoids papilioerythrinone, astaxanthin and adonirubin, and have enlarged barbs that entirely lack barbules along their distal half (figure 1d,f,g; electronic supplementary material, figure S1 ). Melanin is almost entirely absent from the distal barbule-free portion of the barb but is present within more proximal portions (figure 1d ). These differences suggest that genetic variation underlying head-colour polymorphism influences multiple aspects of feather development and regeneration, including pigment deposition and barbule morphogenesis [40] .
(b) Assembly of a reference genome for the Gouldian finch
To assemble a draft genome of the Gouldian finch (EryGou1.0), we generated and sequenced a microfluidically partitioned genomic library using 10Â Chromium technology. This method produces linked-read data that allows us to integrate long-range information from barcoded reads belonging to the same DNA molecules and produce locally phased assemblies, where both haplotypes in a diploid individual are recovered [23] . The Chromium library was produced from a male, heterozygous for the red and black alleles. The library was sequenced using 150 bp paired-end Illumina reads and assembled using the SUPERNOVA ASSEMBLER (v. 2.0), a software package for de novo assembly from Chromium linked reads [23] . The final assembly comprised 1.07 Gb divided in 831 scaffolds larger than 10 kb (N50 of 18.97 Mb), slightly lower than the predicted genome size of 1. 22 Gb (electronic supplementary material,  table S4 ).
We evaluated the quality of our assembly in two ways. First, we assessed the representation of highly conserved protein-coding genes in our genome sequence using the BUSCO software. Among the tested set of genes (n ¼ 4915), we detected a high percentage of complete protein-coding sequences (94.2%; electronic supplementary material, table S4). Second, we aligned the Gouldian finch genome assembly with that of the zebra finch-the most complete and contiguous assembly of a passerine bird-to assess genome fragmentation and completeness per chromosome. Of particular interest to this study, we found that the Z chromosome was more fragmented (i.e. consisted of a larger number of scaffolds) than autosomes of similar size (e.g. 1A, 4 and 5), which is expected given the higher repeat content that characterizes sex chromosomes [41] , but the completeness of the sequence for this chromosome compares well with those of the autosomes (electronic supplementary material, table S5).
The annotation of the reference genome produced 18 989 protein-coding gene models (electronic supplementary material, table S4), which is similar to the number found for the zebra finch (Taeniopygia guttata; n ¼ 19 334). A quantitative assessment with BUSCO and the same set of conserved genes as above (n ¼ 4915) revealed that 86% of the gene models in our annotation were complete (electronic supplementary material, table S4). Incomplete (fragmented) gene models were found for an additional 7.8% (383). Overall, these results indicate that both our reference genome sequence and genome annotation are highly complete and accurate.
(c) The head-colour polymorphism maps to a small genomic interval on the Z chromosome
To map the genomic region controlling the red and black head colour, we performed whole-genome Illumina sequencing at low coverage (average ¼ 1.63-fold) for a total of 42 captive males (electronic supplementary material, table S1). We sampled 21 males with a black head, which are expected to be homozygous for the black allele, and 21 males with a red head, which are expected to be homozygous for the red allele or heterozygous for the black and red alleles. To take into account biases and the uncertainty in genotype calling associated with low-coverage datasets, we used probabilistic methods that rely on genotype likelihoods [28, 42] . Given the known effects of population structure on genetic mapping studies, we started by assessing genetic differentiation within our sample of 42 individuals using whole-genome information. However, we did not detect any signature of population structure based on head colour using PCA because black and red individuals appear intermingled (electronic supplementary material, figure S2 ). This result is consistent with the fact that breeders rarely keep different morphs as separate lines, but instead cross the two extensively. The lack of significant differentiation between head morphs is favourable for genetic mapping.
To search for genomic regions of elevated genetic differentiation between black and red morphs, we began by performing a genome-wide screen based on the fixation index 24) and is homologous to the zebra finch Z chromosome as determined by whole-genome alignments. We performed a second window-based analysis using an absolute measure of divergence (d XY ) to complement the F ST analysis. This analysis revealed that the region previously identified using F ST was also a clear genome-wide outlier (figure 2b). There was another region with a slightly higher value (scaffold 326); however, this region is unlikely to be implicated in the head-colour polymorphism, because it is homologous to zebra finch chromosome 4, and not the Z chromosome as expected from the causative region containing the red and black alleles. In addition, a closer inspection of scaffold 326 suggests that the elevated d XY might be a consequence of a mis-assembly of the genome, where two or more similar sequences are being collapsed into a single scaffold. For example, we found that read coverage averaged over the scaffold is approximately twice the genome-wide average and many positions across the entire length of the scaffold are heterozygous for all individuals that have five or more reads overlapping a given site.
We next performed a genome-wide association analysis based on individual variants using a likelihood ratio test (LRT) for differences in allele frequencies between the two groups [43] . We evaluated 8 101 896 SNPs and found that the top 20 most significant variants were all located in the same region uncovered by the sliding-window analysis (figure 2c). In fact, only two out of the 52 SNPs reaching the standard threshold for genome-wide significance ( p , 5 Â 10
28
; approximately LRT . 28) were not located in this region. When we applied an even more stringent Bonferroni correction (p 6.17 Â 10
29 ; approximately LRT . 34), the nine variants exceeding the significance threshold were located on the aforementioned interval on scaffold 11. The 50 SNPs mentioned above defined a chromosomal segment of approximately 73 kb (scaffold 11: 19 803 083-19 876 349 bp), nearly identical to the segment defined by the F ST and d XY analysis (figure 2d). We note that scaffold 11 is the largest Z-linked sequence in our genome assembly (22.4 Mb) , and this segment is well removed from the extremities of the scaffold (greater than 2.5 Mb). Next, we selected seven of these highly significant variants contained within a small amplicon and genotyped the 42 individuals using Sanger sequencing (scaffold 11: 19 840 503-19 840 778). Consistent with a recessive mode of inheritance of the black head colour [20] , all black males were homozygous (n ¼ 21), whereas all red males were either heterozygous (n ¼ 15) or homozygous (n ¼ 6) for the alternative variant (electronic supplementary material, table S6). Importantly, the Z-linked candidate region is also located within the approximately 7.2 cM interval previously shown using linkage mapping to contain the red/black locus [20] . Taken together, our results strongly suggest that our candidate region contains the gene underlying red and black head coloration in the Gouldian finch.
We examined the gene content of the candidate region using the annotation of the Gouldian finch genome described above. We failed to identify any protein-coding genes within the candidate interval (figure 2d), suggesting that the underlying causative variant, or variants, is likely to be regulatory.
The homologous genomic regions both in the chicken and zebra finch genomes are also devoid of protein-coding genes. We found, however, two protein-coding genes flanking the candidate region (figure 2d): FST and MOCS2. MOCS2 encodes a molybdopterin synthase associated with the biosynthesis of the molybdenum cofactor, which is essential to the function of several enzymes [44] . FST encodes follistatin, which functions as an antagonist of transforming growth factor beta 1 family members (including bone morphogenetic proteins and activin) and is widely expressed, including in the growing feather bud and gonad [21, 45] . FST is thus a strong candidate to explain the behavioural, morphological and pigmentary differences between red and black head morphs.
(d) Deep divergence between red and black alleles but no evidence for structural rearrangements
Next, we investigated the existence of large structural rearrangements that might differ between haplotypes (i.e. inversions, deletions, duplications or translocations). First, we aligned the sequence surrounding our candidate region with zebra finch. This alignment showed that the Gouldian and zebra finch genomes are syntenic across this region and that it is unlikely that the Gouldian sequence contains any major gaps that could reduce our chances of finding structural variation (electronic supplementary material, figure S3 ). We then took advantage of our diploid assembly, and the fact that we sequenced an individual heterozygous for the red and black alleles, to produce an alignment between the red and black haplotypes across the candidate genomic interval. This analysis revealed that the two haplotypes had a similar overall structure with no evidence for large-scale rearrangements or copy number variation ( figure 3a) . Finally, we applied to both linked-read and whole-genome resequencing data several tools for detection of structural rearrangements (see Material and methods), but we also failed to detect large structural rearrangements overlapping the candidate region. We noted, however, that the red and black haplotypes were highly divergent. To test how unusual this level of divergence was relative to the remainder of the Z chromosome, we estimated the RND statistic between the paternal and maternal haplotypes in our diploid assembly using a sliding window of 20 kb. RND values vary between 0 and 1 and provide a relative estimate of divergence between sequences by correcting for mutation rate using an outgroup species. We used the zebra finch as the outgroup, and the analysis was restricted to the Z chromosome because the Z chromosome and autosomes differ in multiple aspects that can cause systematic biases in estimates of divergence, including mutation, recombination and effective population size, making those estimates not directly comparable between different genomic compartments.
We evaluated 11 568 windows and found that our region of association was the most divergent region on the Z chromosome and contained the top 12 windows of the empirical distribution of RND (figure 3b). The maximum nucleotide divergence between haplotypes in the candidate region was much higher (2.5%) than the average for the Z chromosome (0.5%; figure 3c ). Based on an RND value in the candidate region of 0.41 (approx. 40% of the divergence between Gouldian and zebra finch), and a split-time between zebra and Gouldian finch of approximately 10 Myr (e) Expression profiling of regenerating feathers and testis demonstrates modest gene expression differences between morphs
Initially, we analysed differential gene expression in the regenerating mask skin of black and red morphs by RNAseq (electronic supplementary material, table S3). We harvested regenerating skin from eight males (three black and five non-black (three orange and two red)) that had their mask feathers plucked 10 days prior to induce feather regeneration. From the 20 058 genes present in our annotation, we evaluated expression differences for 16 535 genes (82.4%). The remaining genes were excluded from the analysis owing to an insufficient number of mapped reads. We detected 14 genes that were differentially expressed between the two groups after controlling for multiple testing (figure 4a; electronic supplementary material, table S7). None of these genes were located near our candidate region and none seemed to have functions consistent with a role in carotenoid or melanin pigmentation. Both FST and MOCS2, the two genes immediately flanking the candidate region, showed no significant differences in expression between groups by RNA-seq. The lack of transcriptomic differences between the morphs in this experiment may be the result of sampling a late stage of feather regeneration, at a time after the first half of barb development is already complete.
Upon closer analysis of the RNA-seq data, we identified multiple transcript isoforms of FST and MOCS2 expressed in the regenerating mask skin. FST occurs as two isoforms we have termed FST X1 and FST X2 (electronic supplementary material, figures S4 and S5A). These isoforms differ in whether or not splicing has occurred between exons 5 and 6 and results in different protein products that probably have distinct functions (electronic supplementary material, figure S5B ). FST X1 is homologous to the FST315 transcript in mice that includes an acidic C-terminus and is the primary form found in the circulation (electronic supplementary material, figure S5B ) [46, 47] . FST X2, by contrast, is homologous to the FST288 transcript in mice that lacks the acidic C-terminus and is typically membrane-associated and acts locally within tissues (electronic supplementary material, figure S5B ) [47, 48] . We quantified expression of these transcript isoforms by quantitative reverse transcription polymerase chain reaction (RT-qPCR) and found that the relative proportion of isoform X1 to X2 expressed in regenerating skin did not differ significantly between the morphs (electronic supplementary material, figure S5C ).
The MOCS2 transcript contains two separate open reading frames that encode subunits A and B of the enzyme [49, 50] . Studies of the human MOCS2 indicate that splicing of an alternative first exon determines which open read frame will be translated [49, 50] . Consistent with a similar mechanism in birds, we observed evidence of alternative splicing of the first figure S6 ). However, the frequency of these splicing events did not differ significantly between the colour morphs, indicating that the abundance of these splice isoforms is similar between morphs (electronic supplementary material, figure S7 )
To examine gene expression at early stages of feather regeneration, we harvested regenerating mask skin from six males (three black and three red) that had their feathers plucked 2 and 4 days prior and measured the expression of each isoform of FST and MOCS2 by RT-qPCR (figure 4b,c). After 2 days of feather regeneration red morph males had modestly higher levels of expression of both isoforms of FST (X1: t 4 ¼ 23.36, p ¼ 0.028, X2: t 4 ¼ 23.20, p ¼ 0.033), but there were no significant differences between the morphs after 4 days of feather development (X1: t 4 ¼ 22.20, p ¼ 0.092, X2: t 4 ¼ 22.40, p ¼ 0.074). There were no significant differences in MOCS2 expression between the morphs at either time point (day 2: t 4 ¼ 22.14, p ¼ 0.10, day 4: t 4 ¼ 22.52, p ¼ 0.065).
Red and black head-colour morphs have distinct aggressive behavioural phenotypes and dynamics of testosterone expression that might be mediated by the action of the candidate genes within the gonads. To determine if and how FST and MOCS2 expression varies between the head-colour morphs, we analysed expression in the testis of four red and four black morph males by qPCR (electronic supplementary material, figure S8 ). We found that red males expressed higher levels of FST in the testis compared to black males. However, FST expression was highly variable among red individuals, and only isoform X1 differed significantly between red and black morphs (X1: t 6 
Conclusion
Intraspecific colour morphs coexisting in sympatry are classic examples of evolutionary diversification driven by both natural and sexual selection [1] . In this study, we generated a reference genome and performed whole-genome sequencing to dissect the genetic underpinnings of the pigmentation differences and correlated traits observed between headcolour morphs of the Gouldian finch. Regardless of the existence of assortative mating with respect to colour [15] and the existence of distinct physiological and behavioural phenotypes, we show that the red and black morphs have nearly identical genome sequences, and that genetic differences between morphs are restricted to a relatively small genomic interval that was found to be perfectly associated with the head-colour polymorphism. This interval is in a non-coding region upstream of FST. FST has been indirectly linked to plumage and coloration differences between species of flycatchers and warblers [51, 52] , suggesting that this gene might be an important player in the evolution of pigmentation patterns in birds.
Our results further suggest that the distinct feather colour and morphology of the two morphs may be the product of cis-regulatory differences that drive differential expression of FST during a discrete period early in feather development/regeneration. It is also possible that this same regulatory variant(s) mediate(s) differences in gonadal FST expression that might explain the endocrinological and behavioural differences between the two morphs. Future investigations will address these intriguing possibilities. Overall, the identification of the genomic region governing the red and black head morphs is a crucial first step towards understanding the mechanisms promoting the maintenance of sympatric colour polymorphisms and their correlated traits, and answering why colour polymorphic species evolve so frequently in nature. 
